; Adlersberg, 1951; Hirschhorn and Wilkinson, 1959) hold that heterozygotes have a moderate hypercholesterolaemia only and that those with marked hypercholesterolaemia, xanthomata, and early onset ischaemic heart disease are homozygous for the gene concerned. More recently (Wheeler, 1957; Adlersberg and Schaefer, 1959; Harlan et al., 1966; Khachadurian, 1964) , it has been increasingly clear that heterozygotes for the gene or genes concerned have hypercholesterolaemia, may develop xanthomata with increasing age, and often have early onset ischaemic heart disease, but that in addition it is probable (Epstein et al., 1959 ) that homozygotes occur with more extreme hypercholesterolaemia, earlier and more extensive development of xanthomata, and perhaps earlier onset ischaemic heart disease.
Familial hypercholesterolaemic xanthomatosis associated with hypertriglyceridaemia is characterized by increases of both the serum cholesterol and triglycerides with xanthomata. This group probably forms a heterogeneous group corresponding mainly to Fredrickson and Lees Type III, but may also include some patients with Types IV and V hyperlipoproteinaemia. Although this variety of hyperlipidaemia occurs in families, the distribution of affected subjects is not that of a trait expressed in single dosage of an abnormal gene (Fredrickson, Levy, and Lees, 1967) .
Fat-induced hypertriglyceridaemia, corresponding to Fredrickson Type I hyperlipoproteinaemia, is characterized by high concentration of chylomicrons in serum, absence or deficiency of lipoprotein lipase, bouts of abdominal colic, and eruptive xanthomata usually presenting in infancy.
The purpose of this study is to examine further the inheritance of hyperlipidaemic xanthomatosis classifying the index patients into three groups.
Subjects and Methods
The families of 55 index patients with hyperlipidaemia were investigated. Of these 32 had familial hypercholesterolaemic xanthomatosis, 21 had familial hypercholesterolaemic xanthomatosis associated with hypertriglyceridaemia, and 2 had fat-induced hypertriglyceridaemia.
Index Patients and their Relatives. The patients were the same 33 men and 20 women investigated in Part I (Slack and Nevin, 1968) . In addition, 2 children with fat-induced hypertriglyceridaemia were included; one was a patient at Great Ormond Street Children's Hospital and the other at the Westminster Children's Hospital. Patients were asked to invite the co-operation of as many living, close relatives as possible. There were 210 living first degree relatives. Of these, 107 were examined clinically, and fasting venous blood samples were obtained either at home or in hospital. A further 102 first degree relatives were dead, and for these, death certificates were obtained on all but 3 (see Part I) . In addition, 41 second or third degree relatives and 31 spouses of patients and relatives were examined clinically, and fasting venous blood samples were obtained.
The 53 adult index patients were divided into Groups A and B by consideration of their cholesterol and triglyceride levels before treatment was begun (see Part I) . All these patients had primary xanthomatosis and cholesterol levels over 325 mg./100 ml. Ifthe serum or plasma was described as 'clear' or if triglyceride levels were less than 200 mg./100 ml., the patients were considered to have hypercholesterolaemic xanthomatosis, and were ascribed to Group A. If the serum was described as 'lipaemic' or if fasting triglycerides were greater than 200 mg./100 ml., the index patients were considered to have hypercholesterolaemia associated with hypertriglyceridaemia and were ascribed to Group B. The 2 child index patients with fat-induced hypertriglyceridaemia were considered separately in Group C.
Appendices I and II show details of the families examined and the actual levels of cholesterol and triglyceride in the index patients are shown in Appendix III.
Controls. The controls were spouses of the patients, colleagues, relatives, and friends of the authors. There were 86 men and 78 women between the ages of 15 and 60. None was aware of having any serious illness. No clinical examination was carried out.
Blood Lipid Levels. Venous blood was drawn from relatives of the patients and controls after an overnight fast. Total cholesterol levels were determined by the method of Schoenheimer and Sperry (1934) Table III , Fig. 3a and 4a) The triglyceride levels for all controls were corrected to the equivalent for a female age 40 years, using the method described for correction of cholesterol levels, and a distribution curve of these corrected control levels was plotted (see Table III , Fig. 3b Haldane (1952) . The best point ofoverlap ofthe two distributions in the relations of Group A patients appears to be in the region of 310 mg./100 ml.; it so happens that this is also close to the point (310 98) 2 standard deviations above the corrected mean for the control series. The mean corrected cholesterol level in the relatives of patients from Group A was 340-80 (± 22-71) mg./100 ml., 114-74 mg. above that of the controls. The difference is significant (t = 7-64; p < 0 001). The mean corrected cholesterol level in the relatives of patients from Group B was 258&04 (±16-37) mg./100 ml., 31-98 mg. above that of the controls. The difference is significant (t=2-80; p<O01 >0-001).
After consideration of the distribution of corrected cholesterol levels in patients and controls a corrected cholesterol level of 310 98 mg. or 2 standard deviations above the mean for controls was selected, admittedly somewhat arbitrarily, as the upper limit to distinguish normal from hypercholesterolaemic individuals.
Triglycerides. The distribution of corrected triglyceride levels for first degree relatives of index patients with familial hypercholesterolaemic xanthomatosis (Group A), and index patients with hypercholesterolaemic xanthomatosis associated with hypertriglyceridaemia (Group B) were each compared separately with the distribution in the controls ( Fig. 3b and 4b) mg./100 ml., the corrected control mean being 71-63 ± 3-26 mg./100 ml. The difference between these means is not significant (t = 1 -79). The mean corrected triglyceride level of the first degree relatives of patients from Group B was 115±12-16 mg./100 ml., which is 44-34 mg./100 ml. greater than the controls; the difference is highly significant (t = 5 09; p < 0 001).
After consideration of the distribution of corrected triglyceride levels in patients and controls, a corrected triglyceride level of 130-51 mg./100 ml. or 2 standard deviations above the corrected mean for controls was again rather arbitrarily selected as the upper limit to distinguish normal from hypertriglyceridaemic individuals. Familial Hypercholesterolaemic Xanthomatosis (Group A). Sixteen male patients from Group A had 101 first degree relatives of whom 69 were living. Thirty-five of these were examined and 15 were classed as 'affected' by the criteria given above. Sixteen female index patients from Group A had 96 first degree relatives of whom 56 were alive. Thirty-two of these were investigated and 22 were classed as 'affected', including 1 sister (IA14 Si 1916) who had xanthomata, with a corrected cholesterol level of 289 mg./100 ml. Thus, amongst the 67 living first degree relatives investigated, 37 were considered to be 'affected' and 30 were 'unaffected'.
In several families (Appendix I*A5, 9, 11, 15, and I*B7, 13, and 14), it was also possible to examine 2 Table IX . Examination of the causes of death from death certificates and hospital records of these relatives showed that 7 female and 9 male relatives were known to have had hyperlipidaemic xanthomatosis. In addition, 5 female relatives had died before the age of 55, each with a death certificate classified in the Registrar General's categories 94 or 420-1.
Familial Hypercholesterolaemic Xanthomatosis with Hypertriglyceridaemia (Group B). Seventeen male patients from Group B had 75 first degree relatives of whom 60 were alive (Table VII) . Twenty-seven of these were examined and 4 were found to be 'affected'. Of these, 1 father (Appendix II A9) had xanthelasma palpebrarum without hyperlipidaemia; his corrected cholesterol level was 293-66 mg./100 ml., and his corrected triglyceride level was 63-49 mg./100 ml. The 4 female patients had 31 first degree relatives; 4 were examined of whom 1 was 'affected' and 3 were 'unaffected'. One affected brother (Appendix II* A12), whose wife had a corrected cholesterol level of 324 mg./100 ml. had one son who was examined but showed no sign of hypercholesterolaemia or hypertriglyceridaemia. None of the 9 children of normal sibs examined had hyperlipidaemia or xanthomata.
From a total of 106 first degree relatives of Group B index patients who reached adult life, 30 had died (see Table X ). Hospital records confirmed that 2 had died with hyperlipidaemic xanthomatosis and ischaemic heart disease and, in addition, 2 female relatives had died before the age of 65, with death certificates classified in the Registrar General's categories 94 
Genetics of Hypercholesterolaemic
Xanthomatosis Associated with Hypertriglyceridaemia The distributions of corrected cholesterol and triglyceride levels in the first degree relatives of the index patients of Group B are shown in Table III and Fig. 4a and b. Both family patterns and the lipid distributions among the relatives of Group B differ considerably from the family patterns and the lipid distributions among the relatives in Group A. Inheritance is clearly not compatible with determination in all cases by a single dominant mutant gene. If there is bimodality in the distribution of either triglyceride or cholesterol levels among the relatives of Group B, the proportion of relatives in the deviant distribution is less than half. The family patterns within families classifying living relatives as 'affected' or 'unaffected' by the presence of abnormal triglyceride and cholesterol levels or xanthomata is equally incompatible with inheritance through a single dominant gene effect, since only 5 out of 31 are classified as 'affected'. The risks of early death from ischaemic heart disease in first degree relatives of Group B patients differ considerably from those in Group A (see Part I), though whether this is due to a fundamental difference in the lipid disturbance or to a different pattern of inheritance in the 2 groups is not yet clear.
When the cholesterol and triglyceride levels of the relatives of patients in Group B are considered separately, the majority of relatives have a cholesterol distribution very similar to that in the controls, but there is a significant minority (7 in 33) with a corrected cholesterol level greater than 310 mg./100 ml. The majority of relatives appear to have a triglyceride distribution shifted to the right of the majority of controls with, in addition, a significant minority (7 in 31) with substantially higher levels.
The shift of the main group to the right is probably a real one since even if the 7 relatives in the deviant group are removed, the mean corrected triglyceride level is 8545±4.9 mg./100 ml., which is significantly higher than that of the controls, t = 2-163 p<0-05.
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